The distribution of glutathione S-transferase (GST) GSTM1 and GSTT1 null phenotype frequencies in two Brazilian Amerindian tribes, the Munduruku tribe from Missão Cururu village (79 individuals) and the Kayabi tribe (41 individuals), was analyzed by polymerase chain reaction (PCR) amplification. The GST null phenotype frequencies for the Munduruku sample were 0% for GSTM1 and 27% for GSTT1 while for the Kayabi sample the null phenotype frequencies were 27% for GSTM1 and 29% for GSTT1. This is the first report of the absence of the GSTM1 null phenotype in any ethnic group.
Glutathione S-transferases (GSTs) are a superfamily of enzymes that are involved in the detoxification of reactive metabolites of carcinogens and may therefore be important in modulating susceptibility to cancers. Four polymorphic families of cytosolic soluble GSTs have been identified in humans, the alpha family on chromosome 6, the mu family on chromosome 1, the theta family on chromosome 22 and the pi family on chromosome 11 (Mitrunen et al., 2001; Strange et al., 2001) . Five mu class genes are situated in tandem (5' -GSTM4-GSTM2-GSTM1-GSTM5-GSTM3 -3') in a 20 kb cluster on chromosome 1p13.3 . Polymorphism has been identified in the mu class GSTM1 with three alleles (GSTM1*0, GSTM1*A and GSTM1*B), of which GSTM1*0 is a null allele consisting of the complete deletion of the GSTM1 gene. Individuals who are homozygous for this allele are unable to produce the GSTM1 protein. Due to the high frequency (40-60%) of the GSTM1 0/0 genotype in most analyzed populations, which varies among ethnic groups (Board, 1981; Mikelsaar et al., 1994; Zhao et al., 1994) , the allelic distribution of this gene has been widely studied. Another gene, the theta class GSTT1, located on chromosome 22 (Coggan et al., 1998) , is also polymorphic and presents two alleles, GSTT1*1 active allele and the GSTT1*0 null gene. Like GSTM1, GSTT1*0 is a non-functional allele resulting from the deletion of the GSTT1 gene, with GSTT1 0/0 (or null) phenotype individuals being unable to produce the GSTT1 protein (Pemble et al., 1994) . The homozygous GSTT1 null phenotype has been described in different populations and shows wide variation (Nelson et al., 1995) . The GSTM1 and GSTT1 loci are candidates as cancer susceptibility genes because they are related to metabolism and prone to induction by numerous known or suspected carcinogenic compounds (Rebbeck, 1997; Hayes and Strange, 2000) .
Knowledge of the distributions of these alleles in different populations is important for the investigation of polymorphisms as risk factors in epidemiological studies, related to their geographic and inter-ethnic variation frequency. Arruda et al. (1998) and Gaspar et al. (2002) have already described some data for Brazilian populations. In this paper we describe the phenotypic distribution of the GSTT1 and GSTM1 polymorphisms in the Kayabi and Munduruku tribes, two geographically distinct indigenous Brazilian populations.
In 2000 blood samples were collected from individuals belonging to the Kayabi and Munduruku Brazilian Amerindian tribes. The Kayabi tribe is located on the right margin of the Teles Pires River in the Brazilian state of Mato Grosso (55°40'60" W, 11°37'0" S) and has a population of about 1,000 individuals; blood samples being col- Genetics and Molecular Biology, 28, 1, 32-35 (2005) Copyright by the Brazilian Society of Genetics. Printed in Brazil www.sbg.org.br lected from 21 males and 20 females with a median age of 24.53 years. The Munduruku tribe is located in Pará state (57°34'60" W, 7°37'0" S) and has an estimated population of 3,000, blood samples being collected, with EDTA as anticoagulant, from 38 males and 41 females with a median age of 30.9 years who were living in Missão Cururu village. Amerindian populations generally have a high level of endogamy, because of which we only sampled individuals with no first-degree (parent-offspring) relationship (Rodrigues et al. (2002) . More details about these tribes can be found in the book 'Demarcando Terras Indígenas II' by Rodrigues et al. (2002) .
DNA was isolated from the buffy-coat layer using the GFX TM Genomic Pharmacia Kit and stored at -20°C until analysis. The glutathione S-transferase (GST) GSTM1 and GSTT1 fragments were amplified using a PCR protocol modified from Fryer et al. (1993) for GSTM1 and Kempkes et al. (1996) for GSTT1. Phenotypes were determined by electrophoresis of the PCR fragments in 2% agarose gel stained with ethidium bromide. The GSTM1 gene was confirmed by amplification of a 132 bp fragment and GSTT1 by amplification of a 480 bp fragment, homozygotes for the deleted genes did not present these amplified fragments. The success of the amplification was confirmed by the presence of a 268 bp DNA fragment of β-globin as an internal positive control. Two phenotypic groups (previously called conjugator and non-conjugator when analyzed by conjugation reactions) were identified for both the GSTM1 and GSTT1 genes, e.g. the GSTT1+ phenotype (GSTT1+/+ and GSTT1+/0) and the GSTT1 null phenotype (GSTT10/0) for the GSTT1 gene and likewise for the GSTM1 gene.
The GSTM1 and GSTT1 null phenotype frequencies and the combined GSTM1 null + GSTT1 null phenotype frequencies in the Kayabi and Munduruku samples along with information on other Brazilian Amerindian tribes and the Paraguayan Ache tribe are given in Table 1 . The distribution of GSTM1 and GSTT1 phenotypes appears to be heterogeneous for Brazilian Amerindian populations.
The GSTM1 null phenotype frequencies vary from 38% to 67% in European populations, from 33% to 63% in Asians and from 22% to 35% in Africans and AfricanAmericans (Rebbeck, 1997; Garte et al., 2001) . In Brazilian urban populations, the GSTM1 null phenotype frequency varies from 46% to 49% (Hatagima et al., 2000) . In this study we found that the GSTM1 null phenotype did not occur at all in the Munduruku sample. This population was monomorphic for GSTM1 with all individuals presenting the positive phenotype, indicating that they have at least one active allele. The lowest GSTM1 null phenotype frequency previously reported was the 3.9% detected in Guarani Amerindians by Gaspar et al. (2002) , which contrasts with the GSTM1 null phenotype frequency of the Pacific island Kiribati tribe where the population seems to be monomorphic for the homozygous deletion (Rebbeck, 1997) . On the other hand, we found that the Kayabi population presented a GSTM1 null homozygote frequency of 27%, which is close to the 20% frequency found in the Parakanã Amerindians by Arruda et al. (1998) . Gaspar et al. (2002) found values varying from 4 to 43% in seven Amerindian populations (Table 1) . The GSTM1 null pheKlautau-Guimarães et al.
33 Table 1 -Distribution of the glutathione S-transferase (GST) GSTM1 null and GSTT1 null genotypic frequencies in different Amerindian populations.
Genotypic frequencies (%)
Amerindian tribe Geographic localization GSTM1 null GSTT1 null GSTM1 null + GSTT1 null N Present paper notype frequency in the Kayabi was similar to the Wai Wai population frequency (27%), but lower than the frequencies described for the Aché (36%) and Suruí (43%) tribes (Gaspar et al., 2002) . The estimated allelic frequencies for GSTM1 null were 0.00 in the Munduruku and 0.52 in the Kayabi. This is the most extreme value reported so far for any ethnic group, including the 4% detected among the Guarani Amerindians (Gaspar et al., 2002) . In the Kayabi tribe the prevalence of GSTT1 null homozygotes was 29% and the allelic frequency was 0.54 while in the Munduruku tribe the GSTT1 null homozygote prevalence was 27% and the allelic frequency 0.52. These null phenotype frequencies are higher than those found in most other Amerindian tribes, the exception being the Xavante tribe where the prevalence of GSTT1 null homozygotes has been shown to be slightly above 30% (Arruda et al., 1998; Gaspar et al., 2002) . Values for Brazilian urban groups vary from 18.5% to 36% and for world populations in general from 20% to 47% (Arruda et al., 1998; Hatagima et al., 2004; Fonte de Amorim et al., 2002) .
Kayabi
The frequency of the two null phenotypes (GSTM1 null + GSTT1 null) in the same individual was 15% in the Kayabi sample and 0% in the Munduruku sample (Table 1) . The 15% observed in the Kayabi tribe is similar to that found in Brazilian Caucasians (Arruda et al., 1998; Fonte de Amorim et al., 2002) but higher than the 5% reported by Arruda et al., (1998) for the Parakanã tribe, the only other Amerindian group for which the GSTM1/T1 double-null frequency is described. This is the first report of the absence of the GSTM1 null phenotype, and this should be further investigated to determine the possible causes and their significance for the Munduruku tribe. Stochastic factors, (e.g. bottleneck and founder effects, very common in Amerindian tribes) or other factors such as environmental adaptation, inbreeding, admixture with other ethnic groups or geographic distribution may explain the differences seen in this study but more research is needed to explore these questions more fully.
